BACKGROUND: Two decades ago, hypotensive trauma patients requiring emergent laparotomy had a 40% mortality. In the interim, multiple interventions to decrease hemorrhage-related mortality have been implemented but few have any documented evidence of change in outcomes for patients requiring emergent laparotomy. The purpose of this study was to determine current mortality rates for patients undergoing emergent trauma laparotomy.
H
emorrhage is a major cause of early death in trauma patients and accounts for the greatest number of preventable trauma deaths. 1 Emergent laparotomy is a necessary treatment for intraabdominal hemorrhage and substantial effort has been expended to streamline the rapid delivery of lifesaving interventions. 2, 3 In a multicenter cohort of patients from 1986 to 1999, the mortality rate for hypotensive trauma patients undergoing laparotomy was reported to be 40%. 4 Since that report, many interventions purported to decrease mortality in these patients have been described, including decreasing time to hemorrhage control, damage control resuscitation, damage control surgery, controlled resuscitation, massive transfusion protocols, bedside ultrasonography, and angioembolization. [5] [6] [7] [8] The purpose of this study was to determine the current mortality rate and cause of death for hypotensive trauma patients undergoing emergent laparotomy. We hypothesize that mortality rates in this group would have decreased over the interim years.
METHODS

Twelve Level 1 United States trauma centers participated in this project: the University of Texas McGovern Medical
School at Houston (Houston, Texas), the University of Southern California Keck School of Medicine (Los Angeles, California), the Harvard Medical School (Boston, Massachusetts), Mayo Clinic (Rochester, Minnesota), the Baylor College of Medicine (Houston, Texas), the University of Alabama School of Medicine (Birmingham, Alabama), the Rutgers New Jersey Medical School (Newark, New Jersey), the University of Maryland School of Medicine (Baltimore, Maryland), the University of Washington, Harborview Medical Center (Seattle, Washington), the West Virginia University School of Medicine (Morgantown, West Virginia), the Oregon Health & Science University (Portland, Oregon), and the University of Michigan Medical School (Ann Arbor, Michigan).
After each institution obtained institutional review board approval, the trauma registry of each site was queried for adult (age >16 years), emergency laparotomies from January 1, 2012, through December 31, 2013. Emergent laparotomy was defined as emergency department (ED) admission to surgical start in 90 minutes or less. 4 First, a descriptive analysis of all patients was performed. Next, two groups were compared-patients presenting without hypotension (SBP >90 mm Hg) and patients presenting with hypotension (SBP ≤90 mm Hg).
Patient demographics, injury characteristics, prehospital vital signs, ED vital signs, laboratory values, resuscitation volumes, regional Abbreviated Injury Scale (AIS) scores, Injury Severity Score (ISS), and operative details were recorded. The primary outcome was in-hospital mortality. Secondary outcomes included cause of death, time to death, and hospital-free days. Hospital-free days were defined as days alive and not admitted to the hospital (30 − total hospital days = hospital-free days). For those that died before 30 days and had no days free of the hospital, this was recorded as 0. For those that had lengths of stay longer than 30 days, this was recorded as 0.
Continuous data are presented as medians with 25th to 75th interquartile range (IQR). Categorical data are presented as numbers with percentages. Variables were analyzed using Wilcoxon rank sum test, χ 2 test, and Fisher's exact test for continuous, binary, and sparse binary variables, respectively. All calculations were performed using STATA statistical software (version 13.1; Stata Corporation, College Station, TX).
RESULTS
Over the 2-year period, 74,048 patients were admitted to the 12 trauma centers (5,238 admits; range, 2,197-13,171 admits). Of those trauma patients, 3,117 (4%) underwent laparotomy during their hospitalization: 1,706 underwent emergent laparotomy who made up the study cohort, 1,404 underwent laparotomy greater than 90 minutes from ED admission, and seven had unknown times to operating room. Of the 1,706 undergoing The cohort was young, mostly male who primarily suffered blunt trauma. The rate of penetrating trauma was significantly greater in the hypotensive group compared with the normotensive group (47% vs. 27%, p < 0.001). A higher percentage of patients in the hypotensive group were female (23% vs. 14%, p < 0.001).
The entire cohort spent a median of 24 minutes (IQR, 14-39) in the ED (Table 1) . Of note, although the time spent in the ED was not significantly different between the two groups, the time from ED admission to surgical start was shorter in the hypotensive group (36 minutes; IQR, 27-54 vs. 45; IQR, 33-63; p < 0.001).
The hypotensive group had worse chest and abdominal injuries: chest AIS score 3 (IQR, 0-4) versus 0 (IQR, 0-3) for the normotensive group (p < 0.001); abdomen AIS score 4 (IQR, 3-4) versus 3 (IQR, 2-4) for the normotensive group (p < 0.001). The ISS for the hypotensive group also significantly higher: 29 (IQR, 18-41) versus 17 (IQR, 9-27) (p < 0.001).
Data for operative procedures were available for 1,038 of the 1,706 patients (Table 2 ). In the entire cohort, the most common procedures were enterectomy (23%), hepatorrhaphy (20%), and enterorrhaphy (16%), and splenectomy (16%). Not surprisingly, operative control of hemorrhage involving hepatorrhaphy, splenectomy, major vascular repair, major vascular ligation, and thoracotomy/sternotomy was significantly more common in the hypotensive group.
The rate of damage control laparotomy was 38% (388 of 1,027) in the cohort, with the most common indications being need for intra-abdominal packing (31%), planned second look (20%), and hemodynamic instability (20%) ( Table 3 ). The individual institutional rate of damage control laparotomy ranged from 24% to 53%. Although damage control laparotomy was used at a significantly greater rate in hypotensive patients (62% [129 of 207] vs. 31% [236 of 769], p < 0.001), the indications for damage control were similar: packing (38%), hemodynamic instability (23%), and planned second look (12%).
The mortality rate for the entire cohort was 21% ( Table 4 ). The most common cause of death was hemorrhage (60%) and the median time to death was 4 hours (IQR, 2-33). Seventysix percent of deaths in the entire cohort occurred in the first day, with over 50% of these occurring within the first 2 hours of arrival to the ED. In the entire group, the mortality rate for patients with blunt and penetrating mechanism of injury was significantly different (blunt 12% vs. 37% penetrating, p < 0.001).
In the hypotensive group, the mortality rate was 46%. The most common cause of death in the hypotensive group was hemorrhage (65%), and the median time to death was 3 hours (IQR, 1-8). Eighty-two percent of all deaths in the hypotensive group occurred within the first day and 59% occurred within the first 2 hours of arrival (Fig. 1) . In the hypotensive group, the significant difference in mortality rate by mechanism was no longer apparent (blunt 43% vs. penetrating 49%, p = 0.191).
Significant variability in mortality was observed when stratifying the entire cohort by institution (Fig. 2) . This variability was also observed when only evaluating the hypotensive group. 
DISCUSSION
In this multicenter, retrospective study of hypotensive trauma patients undergoing emergent laparotomy, the mortality rate was 46% and hemorrhage was the most common cause of death (65%). In 2002, Clarke et al. 4 published data from 1986 to 1999 reporting a mortality rate of 40% for hypotensive trauma patients undergoing laparotomy within 90 minutes of arrival. Despite the many interventions implemented to decrease mortality in this severely injured subset, there appears to have been no decrease in mortality compared with two decades ago.
The results of this study are in stark contrast to the mortality rates recently published by Joseph et al, 9 who reported an 11% mortality rate in patients undergoing trauma laparotomy from 2010 to 2013. The difference in mortality between this study and those data appears to be due to fundamentally different patient populations. That study excluded patients who died within 30 minutes of surgical start and the data reported here included only patients whose time from ED to surgical start was 90 minutes or less.
There are many potential reasons why a decrease in mortality was not observed. First, the patients described in this paper may be systematically different from patients described previously. 4 With increasing utilization of angioembolization and nonoperative management of solid organ injuries, the patients undergoing laparotomy in this time period may represent a more physiologically deranged and severely injured cohort of trauma patients than prior decades. Additionally, improvements in prehospital care may result in sicker patients arriving alive to the trauma center. This observation of reduced transport time and increased mortality has seen in patients presenting with abdominal vascular injuries. 10 Second, time to the operating room still appears to matter. 11 Vast resources in trauma systems and at trauma centers are used to expedite transport (aeromedical evacuation, scoop and run), resuscitation (massive transfusion protocols), and surgery (in-house trauma surgeon, direct to operating room protocols) to rapidly achieve hemostasis in bleeding patients. Despite these investments, we may still not be fast enough in many instances. Faster transport to the operating room with control of hemorrhage may not be feasible. Novel interventions in the field or ED may be critical adjuncts to lengthen that critical window to allow greater time to operative hemorrhage control. 12, 13 Lastly, there are few large, or even small, prospective observational or interventional clinical trials of trauma laparotomy to identify and guide best practices. Impediments, including limited funding and regulatory difficulties, have resulted in the reliance on retrospective data, which introduces known and unknown biases into any conclusions. Such studies result in tradition-driven, suboptimal clinical care. 14, 15 The relatively unexpected differences in mortality by center may be due to factors and biases that are unaccounted for in this study.
The limitations of the study include its retrospective nature, though as a descriptive study bias is minimal. Additionally, though the desire to have granular data of procedures for all patients, the difficulty in performing such a large, multicenter study resulted in missing data for operative procedures. Lastly, there may be important but unknown differences between the group of patients described here both between the 12 centers and in aggregate compared with others in the literature. For example, time from injury to ED was not known in this study, whereas the ISS and resuscitation volumes were not reported in the series from Clarke et al.
In conclusion, the mortality rate for hypotensive trauma patients undergoing emergent laparotomy was 46% in 2012 to 2013 at 12 Level I trauma centers across the United States. There does not appear to have been a decrease in mortality for this group of critically ill patients compared with two decades ago despite many advances in trauma surgery. 
